Three gram-negative, oxidase-positive diplococcal strains were isolated from the oropharynges of healthy monkeys. These three strains closely resembled Neisseria perflava in their physiological and biochemical characteristics, were more similar to Neisseria canis in their cellular fatty acid profiles? and were moderately related to Neisseria mucosa (51.9%) as determined by deoxyribonucleic acid-deoxyribonucleic acid hybridization. An analysis of 11 enzymes indicated clustering closest to Neisseria sicca, followed by N . mucosa. We propose the name Neisseria macacae for this new species, and the type strain of this species is strain M-740 (= ATCC 33926).
Isolation of Neisseria species from animals other than humans has been well documented since the initial discussion of this subject in 1953 (22) . For example, Neisseria ovis has been isolated from sheep with keratoconjunctivitis (14); Neisseria animalis and Neisseria caviae have been isolated from guinea pigs (18); Neisseria canis has been isolated from dogs (3) and a cat bite wound in a child (12); Neisseria cuniculi, Neisseria rnucosa, and Neisseria denitriJcans have been isolated from rabbits or guinea pigs or both (2, 4); and N . mucosa has been isolated from cetaceans (25). The apparent broad host specificity of Neisseria spp. prompted us to study these bacteria in a variety of domestic and experimental animals. In this report we describe three similar isolates from the nasopharynges of rhesus monkeys (Macaca mulatta); these isolates represent a new species of Neisseria.
MATERIALS AND METHODS
Microorganisms. Three strains, designated strains M-738, M-739, and M-740T (type strain), were isolated from the oropharynges of monkeys (M. mulatta), one each from three separate animals. The animals were being held in quarantine for approximately 3 weeks before release for experimental purposes. While each animal was sedated, its posterior nasopharynx was swabbed with a sterile Dacron swab slightly moistened with sterile saline, and the preparation was plated onto Mueller-Hinton agar (Difco Laboratories, Detroit, Mich.) containing 5% defibrinated sheep blood and incubated at 37°C in a humid atmosphere containing 8% C02. Gram-negative, oxidase-positive diplococci were cloned onto Mueller-Hinton agar after 24 h of incubation. The pure cultures were preserved by lyophilization in Trypticase-soy broth (BBL Microbiology Systems, Cockeysville, Md.) containing 6% lactose and also stored in the same medium in capillary tubes at -70°C. To prepare organisms for tests, they were first cultured overnight on Mueller-Hinton agar at 37°C in a humid atmosphere containing 8% C02.
The reference strains of Neisseria species used in this study were N . mucosa ATCC 19696T, N . canis ATCC 14678=, N . ovis ATCC 19575T, Neisseria perflava ATCC 105ST, N . cuniculi ATCC 146tNT, N . denitr$cans ATCC 146886T, and Neisseria sicca NRL 30016T. The reference strains were chosen to reflect a wide range of isolates from humans and animals. The sources of the type strains have been described previously (10, l l ) , and the strains were maintained and cultured as described above.
Morphological, biochemical, and physiological tests. The isolates were examined for pigment, irridescence, and colonial characteristics at 24-h intervals for 5 days by growing them on Mueller-Hinton agar at 37°C in a humid atmosphere containing 8% COz. Gram staining and tests for oxidase and catalase activities, hemolytic activity, optimum growth temperature, synthesis of polysaccharides from sucrose, degradation of deoxyribonucleic acid (DNA), reduction of nitrate and nitrite, and aminopeptidase activity were performed as previously described (10, 12) . Degradation of tributyrin was determined on brain heart infusion agar (Difco) containing 0.01% tributyrin (Merck Sharp & Dohme, West Point, Pa.) (19) . The cultures were incubated at 37°C in a humid atmosphere for 2 days and at 30°C for 3 days. A clear zone around the colonies was recorded as positive. Production of acid from sugars was determined by the rapid sugar fermentation test (14, 23) from cultures grown overnight at 37°C in a humid atmosphere on nutrient agar containing 0.5% glucose.
DNA base composition, fatty acid analysis, and DNA-DNA hybridization. The techniques used to study whole-cell fatty acid composition by gas-liquid chromatography, DNA base composition by measuring the DNA thermal denaturation midpoint, and DNA-DNA hybridization by spectrophotometry have been described previously (10, ll) .
Enzyme analysis by electrophoresis. The enzymes analyzed were nicotinamide adenine dinucleotide phosphate-dependent glutamate dehydrogenase, leucine aminopeptidase, peroxidase, adenylate kinase, malic enzyme, reduced nicotinamide adenine dinucleotide diaphorase, glucose-6-phosphate dehydrogenase, isocitrate dehydrogenase, glutamate-oxaloace-tate transaminase, superoxide dismutase, and nicotinamide adenine dinucleotide-dependent glutamate dehydrogenase. The bacteria were grown overnight on Mueller-Hinton agar and inoculated (final concentration, approximately lo6 cells per ml) into 250 ml of Trypticase-soy broth. The cultures were incubated for 6 h on a rotating shaking incubator at 37°C and 250 rpm, harvested by centrifugation at 10,000 X g for 15 min, and suspended in 15 rnl of Hanks balanced salt solution (pH 7.2). The cells were then ruptured in a model RF-1 Ribi Cell Fractionator (Ivan Sorvall, Inc., Norwalk, Conn.) at 20,000 Ib/in2 and 5 to 10°C. After rupture, the cell debris was removed by centrifugation at 20,000 x g for 15 min, and the supernatant was stored at -20°C until it was tested.
Enzyme electrophoresis was performed on vertical gel slabs (14 by 12 by 0.1 cm) by using the discontinuous buffer system described by Ornstein (17) and a model 500 apparatus (Hoefer Scientific Instruments, San Francisco, Calif.). A 10% acrylamide separation gel with a 5% acrylamide stacking gel was used for all of the enzymes studied except isocitrate dehydrogenase, for which a straight 5% acrylamide separation gel was used without a stacking gel. ElectrophoreFis was performed at a constant current of 30 mA/gel slab at 4°C until the tracking dye bromophenol blue reached the bottom of the gel; 3 h was a typical run time. After electrophoresis, the gel slabs were removed, washed, and stained to visualize the enzymes as described by Harris and Hopkinson (9) and Shaw and Prasad (20) .
Enzyme migrations were measured, and the relative mobilities were determined (relative mobility was the distance migrated by an enzyme divided by the distance migrated by the dye marker, which was usually the entire length of the gel). Similarity coefficients and relative taxonomic distances were determined by the unweighted pair group method of arithmetic mean, as described by Sneath and Sokal (21).
RESULTS
Morphological, physiological, and biochemical characteristics. The isolates from monkeys (strains M-738, M-739, and M-740T) had characteristics similar to those of N . perflava (Table l) , except the isolates from monkeys produced moderate hemolysis on horse blood agar and rabbit blood agar and their colonies were more firm and had a buttery consistency. N . rnucosa reduced nitrate, did not degrade DNA, and was nonhemolytic, whereas the isolates from monkeys differed in these three characteristics. N . canis, which is representative of the true Neisseria isolated from animals (5, 23), reduced nitrate, had dry, wrinkled colonies, did not synthesize polysaccharides from sucrose, and showed variable hemolysis of rabbit erythrocytes. These characteristics differed from the characteristics of the isolates from monkeys, as did most of the characteristics of N . ovis, which is representative of isolates from animals that are currently considered to be false Neisseria ( 5 , 24). The guanine-plus-cytosine contents of the isolates from monkeys, N . perflava, N . rnucosa, and N . canis were in the range of values (48.9 to 53.4 mol%) which have been obtained for the true Neisseria (ll), whereas the guanine-pluscytosine content of N . . ovis was considerably lower (444 to 46.3 mol%).
Fatty acid analysis. Table 2 shows the result of an analysis of the cellular fatty acids of the isolates from monkeys (represented by strain M-740T), N. perflava, N . mucosa, N . canis, and N . ovis. Strain M-740T contained C12:0, C14:0, C16:0, C16:1, and C18:l as major fatty acids. This composition was similar to that of N . canis but differed from the major cellular fatty acid compositions of N . perflava, N . mucosa, and N . ovis. The percentages of major fatty acids with chain lengths greater than 16 carbon atoms and the ratio of CI6 fatty acids to CIS fatty acids of strain M-740T (8.3% and 9.0, respectively) were also more similar to the values for N . canis (6.44% and 10.0, respectively) than the values for either N . perflava (22.5% and 2.8), N . mucosa (21.6% and 3.9), or N . ovis (70.81 and 0.2).
DNA-DNA hybridization. Table 3 shows the results obtained by hybridizing the DNAs of strain M-740T, strain M-739 and several selected Neisseria species. The highest degree of compatibility was observed between monkey strain M-740T and strain M-739, followed by N. mucosa (51.9%), and the lowest degree of compatibility was observed with N . canis (25.1%). The Aminope tidase analysis. Strains M-738, 739, and M-740 all had gamma-glutamyl aminopeptidase, hydroxyproline aminopeptidase, arginine aminopeptidase, serine aminopeptidase, and glycyl-glycine aminopeptidase activities.
Enzyme electrophoresis. A representative gel pattern (isocitrate dehydrogenase) is shown in Fig. 1 . The relative mobilities or migration distances of all of the enzymes tested are shown in Table 4 . The similarity coefficients and a phenogram generated by unweighted pair group method of arithmetic mean clustering are shown in Table 5 and Fig. 2 
DISCUSSION
There have been several reports that have indicated a much broader host range for Neisseria spp. than previously suspected (6, 24). Prehmptive Neisseria spp. have been isolated from dental plaques of nonhuman higher primates, such as gorillas, orangutans, and patas monkeys (8). Many of these isolates produced acid from glucose, maltose, fructose, and sucrose and reduced nitrite with the production of gas and thus were similar to the strains described above. No genetic relatedness values and none of the other colonial, biochemical, and physiological c haracteristics used in this study were described. The isolhtes which we studied (strains M-738, M-739, and M-740T) were first believed to be variants of N . perflava. The biochemical and physiological characteristics of these organisms were similar, except that N . perflava was nonhemolytic, whereas the monkey isolates showed moderate hemolysis of rabbit and horse erythrocytes (Table 1). Furthermore, the colonies of the monkey isolates had a different consistency than N . perflava colonies when they were cultured under similar conditions. An analysis of the cellular fatty acids indicated that the isolates from monkeys were very similar to N . canis rather than the other Neisseria species tested ( Table 2) . However, the procedure for fatty acid analysis which we used has been found previously (10) to be more useful for determining relatedness at the genus level than for determining relatedness at the species level.
Although transformation was not used in this study, DNA-DNA hybridization studies indicated that the isolates from monkeys were more closely related to N . mucosa (51.9% compatibility) than to the other Neisseria species tested ( Table 3 ). For example, the level of DNA relatedness between N . mucosa and strain M-740T (51.9%) was lower than the level of relatedness between another isolate from animals, N . canis, and N . mucosa (54.2% [lo] ).
There have been relatively few studies in which enzyme analysis by immunological or electrophoretic methods has been used to classify Neisseria spp. Nicotinamide adenine dinucleotide phosphate-dependent glutamate dehydrogenase from Neisseria meningitidis and malate , There were a series of peroxidase activity bands with an electrophoretic mobility of 0.80 in all strains studied. (8, 16 ). Glucose-6-phgsphate dehydrogenase and glutamate dehydrogenase were isolated from known Neisseria species, and their relative mobilities as determined by electrophoretic separation on cellogel strips were compared with the pobilities of enzymes from isolates from animals (8) . Five isolates from nonhuman higher primates closely resembled N . mucosa in both of the enzyme mobilities mentioned above. In this study 11 enzymes were analyzed, and strain M-740T was compared with six Neisseria species ( Table 4 and Fig. 2 ). The similarity coefficient between strain M-740T and N . sicca was 0.442. In an extensive, on-going study of the enzyme patterns of all known Neisseria species (P. K. Chun, G. F. Sensabaugh, and N . A. Vedros, Abstr. Annu. Meet. Am. SOC. Microbiol. 1982, 175, p. 107), this similarity coefficient was almost identical to the similarity coefficients found among six N . perJlava strains (0.440) and among N . sicca, N . mucosa, and N . perflava (0.390 to 0.410). A determination of the significance of the similarity between the isolates from monkeys and N . sicca as shown by our enzyme analyses by electrophoresis awaits more detailed study. The positive reaction of strain-M-740T for the aminopeptidases, particularly a-glutamyl aminopeptidase, was similar to the reactions of N . perflava and N . mucosa, but interspecies variation was observed in the activities of these latter two species (10) . This particular enzyme test is best suited for distinguishing N. meningitidis from N . gonorrhoeae (7, 12) . Based upon the findings discpssed above, we propose that strains M-738, M-739, and M-740T, which were isolated from rhesus monkeys, be placed in a new species, Neisseria macacae sp. nov. (ma'ca.cae. Portugese n. macaco female monkey; N.L. fem. gen. macacae of a monkey, referring to the source of the isolates).
Description of Neisseria macacae sp, nov. Gram-negative cocci occurring in pairs with adjacent sides flattened or singly; cells are nonmotile and 0.6 to 1.0 p m in diameter.
Colonies on Mueller-Hinton agar or nutrient agar are slightly raised, yellowish green, and glistening, have entire edges, and are about 1 to 1.5 mm in diameter after 17 h of incubation at 37°C in a humid atmosphere.
Aerobic. Slight or no growth at 22 and 42°C. Optimum growth at 35 to 37°C; less growth at 30°C. Growth enhanced by 5 to 8% C02 at 30, 35, or 37°C. Moderate hemolysis of horse blood agar and rabbit blood agar.
Oxidase reaction with 1% tetramethyl-p-phenylenediamine hydrochloride is positive; catalase is produced; nitrate is not reduced; nitrite is reduced with the production of gas; polysaccharides are produced from sucrose; DNA is hydrolyzed; tributyrin is not hydrolyzed.
The guanine-plus-cytosine content of the DNA is 50 to 51 mol%.
Type strain: strain M-740 (= ATCC 33926).
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